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This chapter investigates the role of online communities in the future of learning. It 
considers the paradigm shift from the “push” of more formal educational models, 
to the notion of “pull” whereby people actively pursue personalized learning 
experiences. Empowered by the internet and the ability to access information and 
connect to each other at any time, massive online communities are building vast 
pools of information around specialized topics such as 3D printing, coding and 
electronics. This chapter discusses the role of digital technologies in transforming 
educational models. It provides an argument that practice-led, self-directed research 
is changing the way people engage with learning. The argument is supported by 
examples of practice from online communities, university and school education, 
drawing together key considerations for the future of education that are particularly 
relevant for technology and educational researchers, teachers across disciplines 
and those developing higher-level curriculum directives.
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INTRODUCTION
The Internet is a transformative force affecting the ways in which people interact 
with each other and their environment. Individuals are increasingly able to connect 
via online communities in real time, with Web 2.0 ushering in a new age of sharing: 
sharing of ideas, sharing of events, sharing of news, sharing of daily life. As a result, 
people learn about the world in new ways, not only consuming information, but creating 
their own content and constructing their own view of reality. Growing alongside 
Web 2.0 are technologies like 3D printing, coding and electronics which have taken 
on many of the qualities inherent to the Internet, increasingly being part of social 
communities in which people are able to both learn and contribute simultaneously, 
effectively removing the barriers between learners and practitioners. Through Web 
2.0, this learning happens beyond the classroom, accessible 24/7 from anywhere 
with an Internet connection. This concept of self-directed learning is commonly 
referred to as Open Educational Resources (OER) (OECD, 2007; Ponti, 2014), and 
this chapter argues that learning of digital technologies is becoming more like an 
apprenticeship, where people first imitate and replicate the work of others, then 
create their own knowledge that they contribute back into the community.
Traditional education providers like schools, universities and community colleges 
are subject to top-down directives, such as the STEM agenda, to integrate technology 
into the classroom. However, due to the rapid pace of change in technology evolution, 
educational institutions are finding it difficult to plan and maintain structured courses. 
There is evidence of teachers and students learning digital technologies together 
based on the introduction of recent pedagogical class models aimed at empowering 
students, such as the flipped classroom. Teachers and students are also able to pursue 
self-directed learning through online means. This is arguably proving to be the most 
up-to-date source of information on such rapidly evolving topics, allowing people 
to learn the skills necessary to update their knowledge as developments occur, as 
well as study at their own pace and customize their experience. This chapter seeks to 
provide new knowledge on how people are learning digital technologies through the 
practice of digitally-enabled making and OER, focusing specifically on 3D printing, 
coding and electronics. The approach discussed suggests that through these methods, 
students are developing life-long learning skills not only in these specific domains, 
but higher value skills like collaborative teamwork, communication, creative thinking 
and problem solving. Statistics will be presented from leading online communities 
within these domains to contextualize and explain how knowledge is being built 
in new ways compared to more traditional encyclopedic bodies of knowledge. The 
outcomes support the argument that the relationship between bottom-up learning 
and top-down education is rapidly changing, and that educational institutions need to 
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work with online communities in this sphere to remain relevant in digital technology 
learning futures.
BACKGROUND
Throughout human history, skills, stories and knowledge have passed from one 
generation to the next, communicated verbally or through information recorded 
in manuscripts, paintings and other media. However, until the development of the 
printing press, and the subsequent later mass production of books, the sharing of 
knowledge was limited to those able to access and interpret it in its verbal or visual 
form. This often limited skills and ideas to specific communities, being spread 
slowly through travel and trade, and easily lost if a community were conquered or 
otherwise displaced. Shifting to the present day, knowledge must still pass from 
generation to generation; however, new tools are increasingly allowing information 
to be communicated in new ways, none more transformational than the Internet. 
Viewed broadly, within the macro concept of human evolution and the capacity for 
humans to educate each new generation, the concept of online education and the 
Internet is an incredibly new concept. Beetham and Sharpe (2013, p. 46) describe:
Papyrus and paper, chalk and print, overhead projectors, educational toys and 
television, even the basic technologies of writing were innovations once. The 
networked digital computer, and its more recent mobile and wireless counterparts 
are just the latest outcomes of human ingenuity that we have at our disposal. It 
is true that none of these technologies has changed human beings’ fundamental 
capacities to learn, if learning is understood in purely cognitivist terms. But they 
have profoundly changed how ideas and practices are communicated, and what it 
means to be a knowledgeable or capable person.
Given the ubiquity of the Internet around the world, people are able to connect 
and share like never before on an increasing variety of devices, from computers and 
mobile phones, to wearable devices and even kitchen appliances: 
In recent years the declining cost of digital technologies have made digital technologies 
accessible to nearly everyone in all parts of the world, from inner-city urban 
neighborhoods in the United States to the rural villages in developing nations across 
the world. These new technologies have the potential to fundamentally transform 
how and what people learn throughout their lives. (Kidd & Keengwe, 2010, p. xvi)
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The Internet and associated digital technologies are available 24/7 as a “planet-
wide extension of the human nervous system that transmits information, thoughts, 
and feelings to and from billions of people at the speed of light” (Gore, 2013, p. 44). 
Learning and sharing of information can occur at anytime, anywhere, challenging 
traditional educational models which are fixed in time and space.
Much has been written about the impact of such technologies on education, 
for example books like Cases on Online Learning Communities and Beyond: 
Investigations and Applications (Harrison Hao & Shuyan, 2013) and Handbook 
of Research on Innovative Pedagogies and Technologies for Online Learning in 
Higher Education (Phu, Scott, & Carl, 2017) address many of the questions being 
faced by educational institutions and the broader understanding of learning in 
the 21st century. Such texts evidence the transformative nature of the Internet and 
online education, with research emphasis beginning to shift from how the Internet 
affects education, to what advantages and tools it provides and how learning must 
adapt through the fourth industrial revolution. Also known as Industry 4.0, Schwab 
(2017, p. 7) describes that the fourth industrial revolution is “characterized by a 
much more ubiquitous and mobile Internet, by smaller and more powerful sensors 
that have become cheaper, and by artificial intelligence and machine learning.” He 
goes on to explain that:
The consumer seems to be gaining the most. The fourth industrial revolution has 
made possible new products and services that increase at virtually no cost the 
efficiency of our personal lives as consumers. Ordering a cab, finding a flight, 
buying a product, making a payment, listening to music or watching a film - any of 
these tasks can now be done remotely. (Schwab, 2017, p. 12)
Education is also a task that can be performed remotely, with the so-called digital 
natives, being those people who have grown up with computers and technologies like 
mobile phones and the Internet, carrying this trend over to their learning: “Beyond 
whatever engagement with technology is required by their institution or course of 
study, learners use the communication and information tools they have to hand 
to help manage their learning” (Beetham & Sharpe, 2013, p. 51). However, more 
than simply managing learning, social software and online communities present a 
new approach to learning, one this chapter argues is shifting learning from being 
pushed onto people through traditional top-down structures, to a pull model driven 
by bottom-up, intrinsic desires to improve practice and be part of ever more niche 
communities. Such communities may surround a specific video game (e.g. Minecraft) 
or website (e.g. Wikipedia), with followers mashing up and remixing content into 
new versions, which are then fed back into the community for review and further 
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remixing. Communities may also form around more altruistic concerns, such as the 
need to create low-cost prosthetics through 3D printing for people who may not 
be able to afford or access such devices (e.g. Enabling the Future). Ponti (2014) 
suggests that the common thread to such self-directed learning is the intrinsic drive 
to solve a personally relevant problem, with artifacts mediating the relationships 
between learners and different OER learning environments.
The shift through Industry 4.0 from a push to pull model of learning is examined 
by Brown and Adler (2008, p. 30) who claim that a demand-pull approach to learning 
is needed, rather than a more traditional supply-push mode. This new approach to 
learning is labeled “Learning 2.0,” and the authors go on to explain:
The demand-pull approach is based on providing students with access to rich 
(sometimes virtual) learning communities built around a practice. It is passion-based 
learning, motivated by the student either wanting to become a member of a particular 
community of practice or just wanting to learn about, make, or perform something. 
Often the learning that transpires is informal rather than formally conducted in a 
structured setting. Learning occurs in part through a form of reflective practicum, 
but in this case the reflection comes from being embedded in a community of 
practice that may be supported by both a physical and a virtual presence and by 
collaboration between newcomers and professional practitioners/scholars. (Brown 
& Adler, 2008, p. 30)
It is important to clarify that Brown and Adler’s argument for Learning 2.0 goes 
beyond the growth of the OER movement through the start of the 21st century, shifting 
the emphasis from freely accessing information, to accessing people through social 
networks and often ad hoc methods that supports multiple methods of learning 
online. This social element of the Internet is more commonly referred to as Web 
2.0 (Brown & Adler, 2008; Greenhow & Gleason, 2014). Lankshear’s (2014) paper 
titled Social Learning: Resource Platforms and the Dynamics of ‘Push’ and ‘Pull’ 
supports this view, claiming that the Massively Open Online Courses (MOOCs) to 
emerge from OER directives, including premium courses associated with institutions 
like Stanford University:
have very poor completion rates. Most remain, at heart, courses close to the traditional 
model, differing in crucial ways from the kinds of massive affinity-based spaces 
and communities that have emerged around popular cultural interests, tinkering 
communities, open source software communities, and massive participation spaces 
like Wikipedia. (Lankshear, 2014, p. 13)
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It has been suggested that Learning 2.0 may in fact be viewed more like an 
apprenticeship than a traditional qualification (Brown & Adler, 2008), with 
participants entering an online community at the bottom, and through participation 
and contribution, building their profile and taking on increasing responsibilities as 
their experience grows. Eventually apprentices may work their way up the ranks and 
become project leaders and mentors for their community, or start a new community 
based on a different niche interest. Through this chapter, two specific groups of 
technologies emerging through Industry 4.0 will be analyzed to develop this argument: 
3D printing, and coding together with electronics. These fields are interrelated 
and rapidly becoming embedded in traditional educational curriculums, driven by 
supply-push forces; however, given the rapid pace of technological developments in 
these fields, the slow-moving institutions driving top-down adoption are struggling 
to keep pace, and demand-pull forces are instead leading adoption and learning of 
these technologies.
There is an argument that such social learning must be considered separately 
from notions of education:
The wider expectation is therefore that ‘self-directed’ and ‘independent’ learning have 
indeed become possible but online access to opportunities for inquiry, discussion, 
production, collaboration and acquisition is not itself education. It does enable 
informal, self-directed, independent learning activities, just as public libraries and 
public houses have always done – which is wonderful, but it is not education.... Our 
digital native students may be able to use technologies, but that does not mean they 
can learn from them. Being able to read and write never meant you could therefore 
learn from books. Learners need teachers. (Laurillard, 2013, p. 27)
While formal education models have a significant role to play in learning for 
the foreseeable future, within the contexts of 3D printing, coding and electronics, 
the following sections of this chapter will show how in a world where “all of us - 
every one of us - will be endless newbies in the future simply trying to keep up” 
with technology (Kelly, 2016, p. 11), Learning 2.0 may be the only way to maintain 
relevant skills for new forms of work emerging through the fourth industrial revolution. 
A recent survey of school teachers using 3D printing affirms this view, stating 
that “since 3D printers are emerging technologies, students and teachers alike are 
novice users. In many cases, this means that students must take ownership of their 
learning to successfully complete a 3D printing project” (Trust & Maloy, 2017, p. 
262). Within such technology-driven fields, the traditional paradigm of teacher and 
student roles are challenged, and research into the education of university design 
students suggests that new strategies are being implemented such as the “flipped 
classroom” (Loy, 2014) whereby lecturers become facilitators, learning alongside 
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students. This may be a sign of how future formal education settings will adapt 
to the pressures of Industry 4.0, however, with Schwab (2017, p. 45) imagining 
that “the fourth industrial revolution will demand and place more emphasis on the 
ability of workers to adapt continuously and learn new skills and approaches within 
a variety of contexts,” life-long self-directed learners will continue to demand-pull 
new knowledge using online tools that are as much about social connection as they 
are about information sharing. Despite Laurillard’s (2013) claims that learning and 
education are separate, Web 2.0 is rapidly blurring the boundaries as will be shown 
in the following sections.
3D PRINTING EDUCATION
3D printing, also known formally as Additive Manufacturing (AM), is described 
by Schwab (2017) as one of the four technological megatrends that are physical 
manifestations of Industry 4.0. The basic principle of 3D printing is that:
A model, initially generated using a three-dimensional Computer-Aided Design (3D 
CAD) system, can be fabricated directly without the need for process planning... 
The key to how AM works is that parts are made by adding material in layers; each 
layer is a thin cross-section of the part derived from the original CAD data. (Gibson, 
Rosen, & Stucker, 2015, p. 2)
While not a new technology, in recent years the declining costs of hardware 
and software, driven by Moore’s Law (Krassenstein, 2014), has seen 3D printers 
become affordable and accessible to the masses, particularly the Fused-Deposition 
Modeling (FDM) type machines which can now be purchased for only slightly more 
than the cost of a quality inkjet printer. With growing excitement and awareness, 
schools and universities are being challenged to adopt this technology, not only in 
the likely engineering and design courses, but throughout curricula as part of broader 
Science, Technology, Engineering and Mathematics (STEM) directives. However, 
education systems are notoriously slow to adopt new technologies, or implement 
them effectively (O’Hanlon, 2010; Pierce & Cleary, 2016); as a result, adoption in 
schools has been sporadic, often driven bottom-up by technology-savvy teachers 
as described in case studies such as Making the Best of it? Exploring the Realities 
of 3D Printing in School (Nemorin & Selwyn, 2017) and A New Dimension: the 
Use of 3D Printing in Schools (Wilson, 2013). These papers evidence that there 
are many barriers to adopting this technology in formal educational contexts, with 
Lipson and Kurman (2013, p. 171) summarizing that “the primary barriers at the 
middle and primary school level are training teachers, good curriculum, and fitting 
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3D design and printing into the standardized testing process.” While top-down 
pressures may be encouraging teachers to adopt 3D printing in the classroom, to 
elaborate on Lipson and Kurman’s argument, there are two significant challenges 
that are yet to be overcome:
1.  Teachers are typically time-poor and have numerous requirements for ongoing 
training throughout their career. Extensive training in 3D printing and CAD 
technology, such as that received by university-level design students, is 
unfeasible, and new methods for professional development are needed beyond 
traditional face-to-face methods.
2.  For teachers and students alike, 3D printing technology is morphing so quickly 
that by the time any formal program were organized and implemented, the 
knowledge will likely have morphed again and be outdated (Brown & Adler, 
2008).
These issues are not just limited to teachers and students, but all people interested 
in learning the new skills related to 3D printing, which are increasingly becoming 
valuable for new jobs. To fill these gaps, people turn to online sources to research and 
learn the technology for themselves, drawing upon vast libraries of information that 
have been shared through 3D printing communities over many years following the 
open principles that have founded the desktop 3D printing industry. Understanding the 
challenges of learning 3D printing within the bounds of formal educational models 
is an important contextual argument of this chapter, and has been observed by the 
author in his role as a university lecturer and facilitator of 3D printing workshops 
for school teachers within the community of South-East Queensland, Australia.
Outside of the research labs and universities where 3D printers first emerged, 3D 
printing is an integral part of the Maker Movement which began sometime between 
2005-2007 (Anderson, 2012), and represents “a platform for creative expression that 
goes beyond traditional art forms and business models. It is a collaborative form of 
problem-solving, from the practical to the hypothetical, leading to new products, 
new ways of learning, and new ways of doing science” (Dougherty, 2016, p. 15). 
Growing alongside the Internet, 3D printing and the broader Maker Movement have 
become intertwined with concepts of sharing and remixing content, with the first 
open source RepRap 3D printer released to the public in 2007 (Anderson, 2012, 
p. 20), fostering a culture built upon open principles and community that remains 
today. Ten years later, the current model RepRap Prusa i3 was the highest rated 
and most used desktop 3D printer in the fourth quarter 3D Hubs report (Hubs, 
2017), with many other printers in the top ten also being based on its’ open source 
plans. While the quarterly 3D Hubs reports are not a definitive representation of 
3D printing trends worldwide, it does provide a regularly updated metric that shows 
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global trends in a much more timely manner than many published works. Loy 
(2014, p. 113) acknowledges that for 3D printing, “the rapid pace of development 
means that Internet resources from credible sources are currently more reliable for 
accurate up to date information.” Given the challenges for schools adopting 3D 
printing practices, the following sections will provide an overview of how people 
are demand-pull learning 3D printing via the Web 2.0.
3D Printing Community
While the concept of open design is often seen in tension with capitalist culture, 
permitting free distribution and documentation, as well as modification and derivations 
of a design (Abel, Evers, Klaassen, & Troxler, 2011), the success of RepRap as a 
platform suggests that there is a strong link between the rise of 3D printing as a 
communal activity, and the Internet’s ability to connect people across space and 
time. This is transforming the ways in which people learn the skills associated with 
this activity. Forums, groups, blogs, podcasts, wikis and various online repositories 
have become the text-books of the digital age, accessible on-demand twenty-four 
hours a day. Where once a technology like a 3D printer would be released with a 
hefty printed manual full of assembly and operating instructions for every possible 
situation, through the Internet, instruction can be presented digitally, and updated 
as new information comes to light. This is not only in text from, but may include 
video and animations to enhance communication and understanding, even across 
language barriers. Furthermore, the most authoritative information may not be 
centralized from a 3D printer manufacturer or distributor, but decentralized through 
early adopters who will post videos of their learning, from the un-boxing of a 3D 
printer through to printing and upgrading over time. Joel Telling (aka. 3D Printing 
Nerd) and Angus Deveson (aka. Maker’s Muse) are examples of well-known 3D 
printing enthusiasts who feature such information regularly through YouTube videos 
and social media engagement, spending significant time and energy to share their 
knowledge back to the 3D printing community as experts, not in the traditional sense 
of expertise through qualifications, but through involvement in the community. 
Recent research suggests that:
Participants may have joined a community for personal satisfaction and individual 
motives (e.g., to learn Scratch programming), but as time goes on, these motives may 
not be their only reasons for continuing to participate. Their motivation is likely to 
transform into something else such as a desire to help other members learn (e.g., learn 
Scratch programming) or to help the community itself grow (e.g., Wikipedia becoming 
popular around the world). A new identity (e.g., a social identity as “Scratcher” or 
“Wikipedian”) may be formed in this process. Strong feelings of community increase 
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the flow of information, commitment to the community’s missions, and assistance 
among its members. (Jeong, Cress, Moskaliuk, & Kimmerle, 2017, p. 138)
To help convey the scale of online 3D printing communities, the RepRap forum 
(http://forums.reprap.org/index.php) has over 480,000 posts at the time of writing 
this chapter. The 3D Hubs forum (https://www.3dhubs.com/talk) has 12,380 threads, 
each of which may be made up of entire conversations on a topic. In comparison, in 
2009 when Encarta Encyclopedia closed down, it featured just over 60,000 articles 
(Pallardy, 2017) about the known universe. While these encyclopedic articles may 
have featured extended histories of cultures and events, it is important to emphasize 
that some of the threads on forums may be equally as extensive, building bodies 
of knowledge on topics as broad as: what’s the best 3D printer, to specifics like 
how to replace a thermistor on a Prusa i3 MK2, or even what is a thermistor? Such 
discussions build knowledge which is searchable online by non-community members, 
and is described as a “knowledge community” (Jeong et al., 2017) to represent the 
value of these informal methods for building and sharing information that extends 
what is known on a particular topic.
A pertinent community project example is Enabling the Future (also called 
e-NABLE), who have been developing a range of open access prosthetics suitable 
for 3D printing on desktop machines. The first openly accessible e-NABLE hand 
prosthetic was uploaded to file sharing website Thingiverse in January 2013 (Owen), 
and rapidly saw membership rise from 100 people simply 3D printing the original 
design for those in need, to over 3000 in the first year. Significantly, as people 
connected by a shared interest in the project, they began to share design modifications, 
tutorials, 3D print settings and more led by the practice of designing a low-cost, 3D 
printable prosthetic hand. Within this domain community is important, and through 
the Internet, people with specific interests are able to connect like never before and 
learn together in the place and time of their choosing.
Practice-Led
Exemplified by the Enabling the Future community, the process of learning 3D 
printing is highly practice- or project-led, also described as “learning by making” 
(Loy, 2014), with learners driven by an intrinsic desire to resolve a problem or 
experiment with the technology, pulling information as needed rather than having 
theory pushed upon them through more traditional educational structures. Research 
into adult learning has found that “many of the best learning experiences come when 
adult learners are engaged in designing and creating things, especially things that 
are meaningful either to us or to those around us” (Kidd & Keengwe, 2010, p. xvii). 
164
Self-Directed Learning in the Age of Open Source, Hardware and 3D Printing
Dougherty, CEO of Maker Media which publishes the popular Make: magazine, 
similarly proclaims that “the maker mindset reflects a shift in valuing practice over 
theory and uncertainty over certainty” (Dougherty, 2016, p. 189), reversing the 
traditional educational models where theoretical knowledge is consumed prior to 
practice.
Practice-led research has extensive discourse within academia, with one of the key 
features being the “…insistence that research outputs and claims to knowing must 
be made through the symbolic language and forms of their practice…” (Haseman, 
2006, pp. 100-101). The 3D printed artifacts themselves embody new knowledge, 
and through Web 2.0 principles, may be shared through photographs and video in 
order to communicate ideas to the 3D printing community, either seeking help to 
improve the result, or helping others learn from the result. Literature surrounding 
3D printing in education identifies the same link between 3D printing and practice 
(Loy, 2014; Nemorin & Selwyn, 2017; Trust & Maloy, 2017), and necessity for 
learners to gain hands-on experience rather than passively consume information. 
3D Printing Files
For many newcomers to 3D printing, the steep learning curve associated with 
understanding both software and hardware sees many begin their learning by 
downloading and printing existing designs through file sharing websites. This is not 
unlike musicians who must first learn to read and play the music of others before 
composing their own, or chefs who must learn recipes and techniques from others 
before creating their own dishes. Popular file sharing websites include Thingiverse, 
Pinshape, Cults, YouMagine and MyMiniFactory, and all share some common 
attributes:
• Users create a profile, much like any social media website.
• 3D printable STL files, and occasionally other CAD file types, can be 
downloaded for 3D printing. Often these are free under Creative Commons 
(CC) licensing, or may have a nominal fee which goes to the designer, much 
like downloading music through a service like iTunes.
• Members can upload their own designs for sharing, and may include photos, 
videos, instructions, settings and version information. They may select the 
CC license type and price per download if desired.
• Members may also upload photos of 3D printed designs they have 
downloaded, and depending on the CC license, may upload a remix (also 
known as a mashup or derivative) of the original design if the original STL 
file has been modified to suit a different need. An example of a remix is shown 
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in Figure 1, taking two files available under a CC “BY-NC-SA” license, and 
creatively fusing them together into a new design which is shared under the 
same license terms. Such remixing may be done with free software such as 
Autodesk’s Meshmixer.
• Commenting, liking, sharing, following, notifications, personal messages and 
other qualities common to social media websites are possible, linked to the 
users’ profile.
Thingiverse is the largest 3D file sharing website (Alcock, Hudson, & Chilana, 
2016) with over one million 3D models uploaded at the time of writing (“About,” 
2018). Recent quantitative research into Thingiverse metrics found that on average, an 
uploaded design received 14.8 likes and 1.0 comments (Alcock et al., 2016, p. 196), 
which can be extrapolated to estimate that on the Thingiverse platform alone, there 
are nearly one million comments as part of a vast “knowledge community” (Jeong 
et al., 2017). While it is easy to dismiss comments as being trivial and of a social 
nature rather than building knowledge, research has estimated the average comment 
on Thingiverse to be 30.4 words long (Alcock et al., 2016, p. 196), which indicates 
that people may be having detailed conversations, asking questions, and providing 
updates rather than simply saying hello or I like your print (although this of course 
happens as well). Furthermore, of those who had commented on other designs in the 
Alcock et al. study (2016, p. 197), 84.0% had themselves uploaded at least one design 
of their own, with 43.8% having ten uploads or more. This suggests that those who 
actively participate in the Thingiverse community through comments and likes also 
contribute knowledge through their practice, sharing their own designs and prints 
as they move from apprentices to more accomplished makers with a digital record 
attached to their profile. Within an understanding of knowledge communities, such 
file sharing platforms allow for learners at all levels to participate, from those who 
Figure 1. Example of a remix of two Thingiverse files under a CC BY-NC-SA license 
(left is https://www.thingiverse.com/thing:14104, middle is https://www.thingiverse.
com/thing:1234001)
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begin as individuals downloading and printing files without feeding knowledge back 
into the community, to those who cooperate and collaborate with others. This scale 
is known as the “A3C Framework” (Jeong et al., 2017), with four categories ranging 
from Attendance through to Collaboration: “These four types of joint interactions 
are not mutually exclusive, but instead build on each other” (Jeong et al., 2017, p. 
133). It also suggests that as people learn 3D printing, they gain confidence and seek 
increasing feedback to enhance their knowledge, following demand-pull principles 
and establishing valuable life-long learning habits.
With desktop FDM 3D printers becoming extremely affordable and accessible, 
those with an interest in the technology are able to pursue self-directed learning 
through the practice of 3D printing. Much like a chef learning to cook through 
experimentation and practice, or a musician learning to play an instrument by playing 
the music of others, 3D printing is a skills-based activity that can be learned outside 
of traditional educational models. Leveraging Web 2.0 knowledge communities, 
the most up-to-date and relevant information can be found, and learners quickly 
become active participants who share their learning back into the community through 
photos, videos, blogs, wikis, forums and other means. Theory and practice are fluid, 
adaptable and customizable to the needs of the individual, providing important life-
long learning skills needed for the future.
CODING AND ELECTRONICS
Learning coding and electronics go hand-in hand, much like 3D printing and CAD. 
Within the fourth industrial revolution, Schwab (2017, p. 55) describes that “products 
and services are enhanced with digital capabilities that increase their value. Tesla, 
for example, shows how over-the-air software updates and connectivity can be 
used to enhance a product (a car) after purchase, rather than let it depreciate over 
time.” With increasing connectivity between products and the rise of the Internet 
of Things (IoT) (Atzori, Iera, & Morabito, 2010; Want, Schilit, & Jenson, 2015), 
future jobs require greater understanding of coding and electronics in order to 
create and manage such products. This is resulting in a new generation of products, 
experiences and spaces at the intersection of digital and physical design, capable of 
interacting with people in new ways; for example, responsive architecture (Meagher, 
2015) and 4D products (Novak & Loy, 2017) describe the capacity for buildings 
and objects to physically adapt over time using new materials, electronics, coding 
and manufacturing processes. Code and electronics are becoming the materials of 
the 21st century, much like paint or clay:
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Works that combine the immaterial code and the material mechatronics create objects, 
installations, and spaces that invite the user to engage in a dialogue, explore them, 
and communicate complex meaning in an embodied fashion... Physical computing 
and computational design are the new design disciplines of the beginning of the 
twenty-first century, with code and mechatronics as their material, substance, and 
inspiration. (Sauter, 2011, p. 5)
However, much like the difficulty for school curricula and other formal educational 
structures to keep pace with the rapid changes progressing 3D printing, keeping 
abreast of new coding languages and open electronic tools is similarly challenging. 
As a result, online tools, forums, communities, and community projects are real-
time learning centers, accessible to all, with learners acquiring knowledge at their 
own pace. The following sections will separately detail the opportunities for online 
ubiquitous learning within coding and electronics disciplines.
Coding
With an understanding that computer literacy and coding are necessary skills for 
the jobs emerging through Industry 4.0, there is concern that while digital natives 
“interact with digital media all the time, few are able to create their own games, 
animations, or simulations. It’s as if they can “read” but not “write”” (Resnick et al., 
2009, p. 62). For those outside of engineering and information technology disciplines, 
coding may be a confusing world with its own languages and rules, intangible and 
existing within the digital world. “In computer programming, code (also called source 
code) is used to control the operations of a computer. It is an algorithm written in a 
programming language. There are thousands of programming languages, and new 
ones are developed every year” (Reas, McWilliams, & LUST, 2010, p. 15). Much like 
learning a new spoken language, significant time and dedication is needed to learn 
a programming language, however, “unlike people, computers are not able to guess 
or interpret a meaning if it’s not stated exactly” (Reas et al., 2010, p. 15). This can 
make learning all the more frustrating, with incorrect grammar or spelling causing an 
entire program to falter. Therefore, to learn traditional coding languages, following 
a more traditional structured course makes sense in order to build knowledge in a 
logical order. Yet as new tools and coding languages emerge in-line with Web 2.0 
principles, traditional learning methods are being challenged, engaging a broader 
range of learners of all ages and experience levels in the creation of games, apps 
and programs. This shift is igniting a new interest in coding, particularly amongst 
children, with the capacity to learn through the practice of being creative and working 
on projects individually, or as part of online groups.
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A significant example is Scratch, a free program originally developed at the 
Massachusetts Institute of Technology (MIT) Media Lab, which has been described 
as “the YouTube of interactive media” (Resnick et al., 2009, p. 60). Unlike traditional 
text-based code, “programming in Scratch is done through visual blocks, which 
can be snapped together (virtually) to create a sequence of instructions for on-
screen graphical objects” (Dasgupta & Resnick, 2014, p. 73). It is a form of Visual 
Programming Language (VPL), with sections of code represented as puzzle pieces 
(blocks), which can be connected together to build a more complex program; as a 
result, programs look like diagrams (Reas et al., 2010). Due to the more interactive 
workflow for programming in this way, studies suggest that VPLs are more readily 
understood by people without coding experience, particularly those of more 
creative disciplines (Celani & Vaz, 2012; Novak & Loy, 2016). While VPLs are 
not new, dating back to the 1980s, the creators of Scratch attribute the success of 
the platform largely to the community built on Web 2.0 principles, with members 
“constantly borrowing, adapting, and building on one another’s ideas, images, and 
programs. Over 15% of the projects there are remixes of other projects on the site” 
(Resnick et al., 2009, p. 65). To date, the Scratch platform has seen over 28 million 
projects shared (Scratch, 2018), which is significant when compared to the nearly 
1 million on Thingiverse, evidencing the ease with which users are able to work 
within the digital environment and share projects compared to 3D printing. While 
schools and universities are embracing Scratch within more traditional learning 
methods, the power of the platform is in its inclusivity, allowing anyone to learn at 
their own pace and draw on the growing body of knowledge contained within the 
millions of projects, numerous tutorials, and through immediate feedback from a 
vast community of users.
The principles and tools of Scratch have also been extended to mobile application 
development with MIT App Inventor, featuring a similarly rich community 
approaching 7 million users, with 24 million apps built (“About Us,” 2018). As 
shown in Figure 2, the visual interface of an app with buttons, sliders, menus and 
other features common to mobile applications is built simultaneously as the code 
controlling the app. MIT researchers claim that their “blocks-based tool facilitates 
the creation of complex, high-impact apps in significantly less time than traditional 
programming environments. The MIT App Inventor project seeks to democratize 
software development by empowering all people, especially young people, to move 
from technology consumption to technology creation” (“About Us,” 2018). This has 
been experienced first-hand in developing apps through PhD research, such as that 
shown in Figure 2, without any prior knowledge of app programming or using the 
Scratch-based blocks tools; the learning acquired to create such apps was obtained 
online, on-demand through tutorials, videos, blogs and forums, driven by the 
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practice-led need to create working prototypes, exemplifying demand-pull learning. 
As coders progress from apprentices and take on more advanced projects, they 
may “graduate” from entry-level communities like Scratch and MIT App Inventor, 
and join a platform like Github, which is an online community for developing 
primarily software-related projects. According to data from the end of 2017, there 
are 24 million users on Github (“The State of the Octoverse 2017,” 2017), similar 
to Scratch, however there are 78 million projects on Github, more than Scratch and 
MIT App Inventor combined.
Knowledge communities such as Scratch, MIT App Inventor and Github only 
begin to hint at the variety of new coding environments emerging through Web 2.0, 
and the ability for users to forge their own paths of individual learning. Much like 
3D printing, coding tools evolve and adapt rapidly, and a culture of sharing and 
collaborating in online communities presents new ways to consider learning as a 
life-long activity, a necessity for the future as predicted by technology theoreticians 
(Kelly, 2016; Schwab, 2017). Like 3D printing, coding may be increasingly finding 
its way into traditional classrooms and courses, however it is important to consider 
education more broadly; in Learning 2.0, teachers and students are not necessarily 
distinct, centralized in space and time. Learning is decentralized through the 
communities discussed in this section, with participants acting as both learners and 
teachers simultaneously, ““learning about” the subject matter but also “learning 
to be” a full participant in the field” (Brown & Adler, 2008, p. 19). This breaks 
down the expectation that learners must acquire knowledge to a particular level, 
for example through a university degree, prior to participating in a particular field.
Figure 2. MIT App Inventor allows simultaneous development of the app interface 
(left) and code (right)
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Electronics
Electronic kits have been around for decades, allowing enthusiasts to prototype 
simple circuits such as radios, digital thermometers and lighting as they learn the 
principles of sensing and actuating. However, a new generation of open kits built 
on Web 2.0 principles, such as Arduino, are igniting a new generation of makers:
From dyed-in-the-wool hardware hackers to web page developers, robotics 
enthusiasts to installation artists, textile students to musicians: all can be found in 
the Arduino community. The versatility of the platform encompassing both hardware 
and software, combined with its inherent openness, has captured the imagination 
of tens of thousands of developers. (Oxer & Blemings, 2009)
Microcontrollers like Arduino combine a digital (coding) element, along with the 
physical (electronics) that are controlled by the code, requiring a range of technical 
skills. Following the A3C Framework described by Jeong et al. (2017), learners 
often begin at the bottom level as individuals, copying code and circuit diagrams 
to learn the basic principles through practice. Unlike traditional education, copying 
is not only acceptable, but encouraged through the open platform. As confidence 
grows, learners may begin modifying and experimenting with both software and 
hardware, forming new knowledge and developing personal projects, which can be 
documented and shared as they move up the levels of the A3C Framework.
Featuring an element of coding, the Arduino platform natively utilizes a text-
based language; however, there are also VPL options such as mblock which is based 
on Scratch, meaning learners can easily transfer their skills from creating games 
and animations to physical interactions, and vice versa. As with 3D printing and the 
previous discussion on coding, it is the online community connecting people and 
information which is enabling new ways to learn outside of traditional educational 
models:
One of the key aspects of the success of Arduino has been the community that has 
sprung up around it due to the open nature of the Arduino software and hardware. 
The software used on Arduino is entirely open source and the hardware design 
information (schematics, PCB layouts, etc.) have been made available under Creative 
Commons licenses. In practice, this means it is easy to adapt both the software and 
the hardware to your needs, and then contribute what you do back into the Arduino 
project as a whole.(Oxer & Blemings, 2009)
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Similarly engaging systems to learn electronics include:
• Raspberry Pi: An extremely affordable computer, costing tens of dollars 
that can be used as part of IoT devices.
• Lego Mindstorms: Programmable robotics combined with Lego bricks.
• littleBits: Modular electronic blocks that can be magnetically clipped 
together to create circuits.
• Makey Makey: A simple device allowing almost any physical object to 
become a computer controller.
Some of these systems are specifically targeted to children or entry-level makers, 
however systems like Arduino and Raspberry Pi can extend beyond prototyping 
to real-world complex products, with Raspberry Pi’s used in Bitcoin mining for 
example, and Arduinos used in 3D printers and open source robotic projects such 
as the life-size humanoid InMoov. What is significant to consider is that none of 
these seemingly complex projects requires formal education or a university degree; 
anyone can participate and contribute to communities building such devices, learning 
about them whilst simultaneously learning to be practitioners and participants in 
the community. Much like the previous examples in this chapter, “one of the most 
profound shifts of the Web Age is that there is a new default of sharing online... 
Individual Makers, globally connected this way, become a movement” (Anderson, 
2012, p. 13).
LESSONS AND FUTURE RESEARCH DIRECTIONS
Industry 4.0 technologies such as 3D printing, coding and electronics show a distinct 
trend for growth and increased engagement: 3D Hubs membership has risen 307% 
between the end of 2015-2017 (Hubs, 2018), Scratch (2018) and MIT App Inventor 
(“About Us,” 2018) statistics show an ever increasing quantity of active users and 
projects in the millions, and cheap computers and microcontrollers such as Arduino 
boards are increasingly found in real-world products, almost impossible to track due 
to the open nature of the design which has led to countless variations across the globe. 
Figure 3 provides a comparison of some of the major online knowledge communities 
discussed through this chapter. Such rapid proliferation of these technologies is an 
indication of why Schwab (2017) argues that society is at the beginning of the fourth 
industrial revolution, with the impacts seen to be disruptive across almost every 
industry. Respected technology writer Kelly (2016, p. 6) explains that “technology 
is humanity’s accelerant. Because of technology everything we make is always in 
the process of becoming. Every kind of thing is becoming something else, while 
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it churns from “might” to “is.” All is flux. Nothing is finished. Nothing is done.” 
With an understanding that technology is in a constant state of flux, the challenge 
for traditional educational models is keeping pace with change, with top-down 
directives being slow to penetrate schools and universities. Similar to Kelly, Brown 
and Adler (2008, p. 30) summarize:
In the twentieth century, the dominant approach to education focused on helping 
students to build stocks of knowledge and cognitive skills that could be deployed 
later in appropriate situations. This approach to education worked well in a relatively 
stable, slowly changing world in which careers typically lasted a lifetime. But the 
twenty-first century is quite different. The world is evolving at an increasing pace. 
When jobs change, as they are likely to do, we can no longer expect to send someone 
back to school to be retrained. By the time that happens, the domain of inquiry is 
likely to have morphed yet again.
Personal experience learning each of these skills, alongside teaching them within 
a university setting and to local school teachers, has provided insight into the power 
of this demand-pull learning. However, while much has been written about the 
relationship between education, learning and the Internet, further research is needed 
to specifically understand how traditional education remains relevant and capable 
of training the workers of the future, when the tools are themselves evolving so 
quickly that teachers and students alike are learning together online. New models 
of education such as the “flipped classroom” (Altemueller & Lindquist, 2017; 
Loy, 2014) are emerging in response, however, it is unclear whether this form of 
education is sustainable over the long-term. The ubiquitous learning discussed in 
this chapter does not replace formal education, and relies on people having reading 
and writing skills in order to communicate their experiences in written blogs and 
wikis, basic mathematic skills to inform coding, and strong reasoning and logic in 
order to resolve problems and modify source files in the process of learning. As 3D 
Figure 3. Graph of significant online knowledge communities within 3D printing, 
coding and electronics recorded on 13th February 2018
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printing, coding and electronics skills become more critical to employment, what is 
significant is that learners may decide to forgo traditional training such as university 
degrees and community colleges and instead tap into the expansive knowledge 
communities online, freely available, to maintain skills and experience for the jobs 
emerging through Industry 4.0. The scale of such a shift is only just beginning to be 
felt, and the long-term effects are worthy of ongoing research as these technologies 
continue to proliferate society.
CONCLUSION
Individually the technologies of 3D printing, coding and electronics have extensive 
discourse, and have been brought together in this chapter in order to illuminate 
new knowledge about the trend for learning of these technologies to be shifting 
towards more decentralized, demand-pull learning online through Web 2.0. Open-
source principles are being applied to these fields, creating so-called knowledge 
communities online, with vast bodies of information continuing to grow as learner’s 
both participate in, and contribute to, the community through non-traditional forms 
such as blogs, wikis, forums, photos and videos. Furthermore, following practice-led 
principles, the forms being 3D printed, and the code being produced to drive apps 
and electronics, are themselves new forms of knowledge which others are able to 
learn from. While the idiom that a picture is worth a thousand words is debatable, 
there is a more realistic argument that a 3D printed artifact or Arduino prototype may 
be worth a thousand words, if not a thousand images for the learning embodied by 
the physical object. In the case of code, a visual representation of a program (VPL) 
may quite literally represent a thousand words or more compared to a text-based 
code performing the same function. Therefore, it is important to understand how 
growing object libraries such as Thingiverse, Scratch and MIT App Inventor may 
begin to rival traditional bodies of knowledge such as Encarta Encyclopedia, with 
such knowledge openly accessible and searchable to all.
The challenge for traditional education providers who are facing top-down 
pressures to embed new technologies into curriculum is embracing uncertainty; 
technologies like 3D printing, coding and electronics are evolving so rapidly that 
planning courses months or even years in advance is almost impossible, and teachers 
are finding themselves learning at the same time as students. This represents a 
significant shift, and while new strategies are beginning to be implemented such 
as the flipped classroom, learners are increasingly able to align their learning with 
more personal interests through large online communities, described as demand-pull 
learning. With rapid change becoming the norm, demand-pull learning is a vital 
skill for the future in order for workers to remain relevant, and it is unrealistic to 
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expect people to continually return to traditional education centers in order for up-
skilling to occur throughout their career. Therefore, online learning communities are 
a valuable resource, one that is only beginning to be understood within the broader 
context of education and learning.
The central argument of this chapter is that within the contexts of 3D printing, 
coding and electronics, Learning 2.0 strategies are transforming how people gain 
knowledge, no longer as passive consumers, but as active participants. These 
technologies are hands-on, skills-based activities, and are evolving in tandem with 
Web 2.0 and a new online culture epitomized by sharing. Unlike traditional education 
that rewards people based on how much information can be memorized, knowledge 
communities instead reward people for how much information they share back to the 
community, with learning beginning to resemble an apprenticeship built on respect 
rather than grades. Such a shift raises many questions for the future of more formal 
educational models, particularly as technology continues to become embedded in 
all facets of life, and transforms society through the fourth industrial revolution.
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KEY TERMS AND DEFINITIONS
3D Printing (Additive Manufacturing): A digital fabrication technology 
that allows the production of an object by adding material layer-by-layer in three 
dimensions.
Code: The step-by-step instructions that controls computers, programs, apps, 
websites or electronics.
Computer-Aided Design (CAD): The use of computer systems to assist in the 
creation, modification, analysis or optimization of a design in 2D or 3D.
Demand-Pull: Within the context of this chapter, demand-pull refers to an 
intrinsic desire to learn and adopt new technologies or processes, as opposed to 
top-down forces like government policy, legislation or traditional education models 
that push learning onto the masses. Also called “bottom-up.”
Industry 4.0: Also known as the “fourth industrial revolution,” this describes 
the current trend for increased automation in manufacturing, communication and 
machine-to-machine and human-to-machine relationships more broadly.
Knowledge Community: A group of people who gather online and engage in 
the acquisition and exchange of knowledge around a particular topic, either with 
explicit goals of building new knowledge, or less formally through shared interests 
and practice.
Maker: A Maker is part of modern Do-It-Yourself (DIY) culture, utilizing 
digital software and hardware as tools for making and hacking, closely intertwined 
with open source.
Open Source: Originally related to software, the term is increasingly related 
to hardware (open design), and is a principle whereby all aspects of a product or 
service are made freely available to the public for use and modification.
Web 2.0: The shift in web content from being passively viewed, to interacted 
with and produced by anyone through social media, blogs, wikis, video sharing 
websites, and other online communities.
